There are limited data on FMT for treatment of primary CDI, but FMT appears safe and effective for recurrent CDI. The safety and efficacy of FMT in patients with severe primary or severe recurrent CDI has not been established. Patients with inflammatory bowel disease (IBD) who undergo FMT for CDI may be at increased risk of IBD flare, and caution should be exercised with use of FMT in that population. The long-term safety of FMT is unknown; thus, rigorously conducted prospective studies are needed. Journal of Hospital Medicine 2016;11:56-61. V C 2015 Society of Hospital Medicine Symptomatic Clostridium difficile infection (CDI) results when C difficile, a gram-positive bacillus that is an obligate-anaerobe, produces cytotoxins TcdA and TcdB, causing epithelial and mucosal injury in the gastrointestinal tract. 1 Though it was first identified in 1978 as the causative agent of pseudomembranous colitis, and several effective treatments have subsequently been discovered, 2 nearly 3 decades later C difficile remains a major nosocomial pathogen. C difficile is the most frequent infectious cause of healthcare-associated diarrhea and causes toxin mediated infection. The incidence of CDI in the United States has increased dramatically, especially in hospitals and nursing homes where there are now nearly 500,000 new cases and 30,000 deaths per year. [3] [4] [5] [6] This increased burden of disease is due both to the emergence of several strains that have led to a worldwide epidemic 7 and to a predilection for CDI in older adults, who constitute a growing proportion of hospitalized patients. 8 Ninety-two percent of CDI-related deaths occur in adults >65 years old, 9 and the risk of recurrent CDI is 2-fold higher with each decade of life. 10 It is estimated that CDI is responsible for $1.5 billion in excess healthcare costs each year in the United States, 11 and that much of the additional cost and morbidity of CDI is due to recurrence, with around 83,000 cases per year. 6 The human gut microbiota, which is a diverse ecosystem consisting of thousands of bacterial species, 12 protects against invasive pathogens such as C difficile. 13, 14 The pathogenesis of CDI requires disruption of the gut microbiota before onset of symptomatic disease, 15 and exposure to antibiotics is the most common precipitant ( Figure 1 ). 16 Following exposure, the manifestations can vary from asymptomatic colonization, to a self-limited diarrheal illness, to a fulminant, life-threatening colitis. 1 Even among those who recover, recurrent disease is common. 10 A first recurrence will occur in 15% to 20% of successfully treated patients, a second recurrence will occur in 45% of those patients, and up to 5% of all patients enter a prolonged cycle of CDI with multiple recurrences. [17] [18] [19] 
THE NEED FOR BETTER TREATMENT MODALITIES: RATIONALE
Conventional treatments (Table 1) utilize antibiotics with activity against C difficile, 20,21 but these antibiotics have activity against other gut bacteria, limiting the ability of the microbiota to fully recover following CDI and predisposing patients to recurrence. 22 Traditional treatments for CDI result in a high incidence of recurrence (35%), with up to 65% of these patients who are again treated with conventional approaches developing a chronic pattern of recurrent CDI. 23 Though other factors may also explain why patients have recurrence (such as low serum antibody response to C difficile toxins, 24 use of medications such as proton pump inhibitors, 10 and the specific strain of C difficile causing infection 10, 21 , restoration of the gut microbiome through fecal microbiota transplantation (FMT) is the treatment strategy that has garnered the most attention and has gained acceptance among practitioners in the treatment of recurrent CDI when conventional treatments have failed. 25 A review of the practices and evidence for use of FMT in the treatment of CDI in hospitalized patients is presented here, with recommendations shown in Table 2 .
OVERVIEW OF FMT
FMT is not new to modern times, as there are reports of its use in ancient China for various purposes. 26 It was first described as a treatment for pseudomembranous colitis in the 1950s, 27 and in the past several years the use of FMT for CDI has increasingly gained acceptance as a safe and effective treatment. The optimal protocol for FMT is unknown; there are numerous published methods of stool preparation, infusion, and recipient and donor preparation. Diluents include tap water, normal saline, or even yogurt. 23, 28, 29 Sites of instillation of the stool include the stomach, small intestine, and large intestine. 23, 29, 30 Methods of recipient preparation for the infusion include cessation of antibiotic therapy for 24 to 48 hours prior to FMT, a bowel preparation or lavage, and use of antimotility agents, such as loperamide, to aid in retention of transplanted stool. 28 Donors may include friends or family members of the patients or 1 or more universal donors for an entire center. In both cases, screening for blood-borne and fecal pathogens is performed before one can donate stool, though the tests performed vary between centers. FMT has been performed in both inpatient and outpatient settings, and a published study that instructed patients on selfadministration of fecal enema at home also demonstrated success. 30 Although there are numerous variables to consider in designing a protocol, as discussed further below, it is encouraging that FMT appears to be highly effective regardless of the specific details of the protocol. 28 If the first procedure fails, evidence suggests a second or third treatment can be quite effective. 28 In a recent advance, successful FMT via administration of frozen stool oral capsules has been demonstrated, 31 which potentially removes many system-and patient-level barriers to receipt of this treatment.
CLINICAL EVIDENCE FOR EFFICACY OF FMT IN TREATMENT OF CDI

Recurrent CDI
The clinical evidence for FMT is most robust for recurrent CDI, consisting of case reports or case series, recently aggregated by 2 large systematic reviews, as well as several clinical trials. 23, 29 Gough et al. published the larger of the 2 reviews with data from 317 patients treated via FMT for recurrent CDI, 23 including FMT via retention enema (35%), colonoscopic infusion (42%), and gastric infusion (23%). Though the authors noted differences in reso-lution proportions among routes of infusion, types of donors, and types of infusates, it is not possible to draw definite conclusions form these data given their anecdotal nature. Regardless of the specific protocol's details, 92% of patients in the review had resolution of recurrent CDI overall after 1 or more treatments, with 89% improving after only 1 treatment. Another systematic review of FMT, both for CDI and non-CDI indications, reinforced its efficacy in CDI and overall benign safety profile. 32 Other individual case series and reports of FMT for CDI not included in these reviews have been published; they too demonstrate an excellent resolution rate. [33] [34] [35] [36] [37] [38] As with any case reports/series, generalizing from these data to arrive at conclusions about the safety and efficacy of FMT for CDI is limited by potential confounding and publication bias; thus, there emerged a need for high-quality prospective trials.
The first randomized, controlled clinical trial (RCT) of FMT for recurrent CDI was reported in 2013. 39 Three treatment groups were compared: vancomycin for 5 days followed by FMT (n 5 16), vancomycin alone for 14 days (n 5 13), or vancomycin for 14 days with bowel lavage (n 5 13). Despite a strict definition of cure (absence of diarrhea or persistent diarrhea from another cause with 3 consecutive negative stool tests for C difficile toxin), the study was stopped early after an interim analysis due to resolution of CDI in 94% of patients in the FMT arm (81% after just 1 infusion) versus 23% to 31% in the others. Offprotocol FMT was offered to the patients in the other 2 groups and 83% of them were also cured.
Youngster et al. conducted a pilot RCT with 10 patients in each group, where patients were randomized to receive FMT via either colonoscopy or nasogastric tube from a frozen fecal suspension, and no difference in efficacy was seen between administration routes, with an overall cure rate of 90%. 40 41 comparing FMT to a standard course of vancomycin for 10 days, followed by pulsed dosing every 2 to 3 days for 3 weeks. The study was stopped after a 1-year interim analysis as 18 of 20 patients (90%) treated by FMT exhibited resolution of CDI-associated diarrhea compared to only 5 of 19 patients (26%) in the vancomycintreated group (P < 0.001).
Primary and Severe CDI
There are few data on the use of FMT for primary, nonrecurrent CDI aside from a few case reports, which are included in the data presented above. A *Fidaxomicin is considerably more expensive than vancomycin and not currently included in US guidelines, but is approved by the US Food and Drug Administration for the treatment of CDI. 21 mathematical model of CDI in an intensive care unit assessed the role of FMT on primary CDI, 42 and predicted a decreased median incidence of recurrent CDI in patients treated with FMT for primary CDI. In addition to the general limitations inherent in any mathematical model, the study had specific assumptions for model parameters that limited generalizability, such as lack of incorporation of known risk factors for CDI and assumed immediate, persistent disruption of the microbiota after any antimicrobial exposure until FMT occurred. 43 Lagier et al. 44 conducted a nonrandomized, openlabel, before and after prospective study comparing mortality between 2 intervention periods: conventional antibiotic treatment for CDI versus early FMT via nasogastric infusion. This shift happened due to clinical need, as their hospital in Marseille developed a ribotype 027 outbreak with a dramatic global mortality rate (50.8%). Mortality in the FMT group was significantly less (64.4% vs 18.8%, P < 0.01). This was an older cohort (mean age 84 years), suggesting that in an epidemic setting with a high mortality rate, early FMT may be beneficial, but one cannot extrapolate these data to support a position of early FMT for primary CDI in a nonepidemic setting.
Similarly, the evidence for use of FMT in severe CDI (defined in Table 1 ) consists of published case reports, which suggest efficacy. [45] [46] [47] [48] Similarly, the study by Lagier et al. 44 does not provide data on severity classification, but had a high mortality rate and found a benefit of FMT versus conventional therapy, suggesting that at least some patients presented with severe CDI and benefited. However, 1 documented death (discussed further below) following FMT for severe CDI highlights the need for caution before this treatment is used in that setting. 49 Patient and Provider Perceptions Regarding Acceptability of FMT as a Treatment Option for CDI A commonly cited reason for a limited role of FMT is the aesthetics of the treatment. However, few studies exist on the perceptions of patients and providers regarding FMT. Zipursky et al. surveyed 192 outpatients on their attitudes toward FMT using hypothetical case scenarios. 50 Only 1 patient had a history of CDI. The results were largely positive, with 81% of respondents agreeing to FMT for CDI. However, the need to handle stool and the nasogastric route of administration were identified as the most unappealing aspects of FMT. More respondents (90%, P 5 0.002) agreed to FMT when offered as a pill.
The same group of investigators undertook an electronic survey to examine physician attitudes toward FMT, 51 and found that 83 of 135 physicians (65%) in their sample had not offered or referred a patient for FMT. Frequent reasons for this included institutional barriers, concern that patients would find it too unappealing, and uncertainty regarding indications for FMT. Only 8% of physicians believed that patients would choose FMT if given the option. As the role of FMT in CDI continues to grow, it is likely that patient and provider perceptions and attitudes regarding this treatment will evolve to better align.
SAFETY OF FMT
Short-term Complications
Serious adverse effects directly attributable to FMT in patients with normal immune function are uncommon. Symptoms of an irritable bowel (constipation, diarrhea, cramping, bloating) shortly after FMT are observed and usually last less than 48 hours. 23 A recent case series of immunocompromised patients (excluding those with inflammatory bowel disease [IBD]) treated for CDI with FMT did not find many adverse events in this group. 35 However, patients with IBD may have a different risk profile; the same case series noted adverse events occurred in 14% of IBD patients, who experienced disease flare requiring hospitalization in some cases. 35 No cases of septicemia or other infections were observed in this series. An increased risk of IBD flare, fever, and elevation in inflammatory markers following FMT has also been observed in other studies. [52] [53] [54] However, the interaction between IBD and the microbiome is complex, and a recent RCT for patients with ulcerative colitis (without CDI) treated via FMT did not show any significant adverse events. 55 FMT side effects may vary by the administration method and may be related to complications of the method itself rather than FMT (for example, misplacement of a nasogastric tube, perforation risk with colonoscopy).
Deaths following FMT are rare and often are not directly attributed to FMT. One reported death occurred as a result of aspiration pneumonia during sedation for colonoscopy for FMT. 35 In another case, a patient with severe CDI was treated with FMT, did not achieve cure, and developed toxic megacolon and shock, dying shortly after. The authors speculate that withdrawal of antibiotics with activity against CDI following FMT contributed to the outcome, rather than FMT itself. 49 FMT is largely untested in patients with severe CDI, [45] [46] [47] [48] and this fatal case of toxic megacolon warrants caution.
Long-term Complications
The long-term safety of FMT is unknown. There is an incomplete understanding of the interaction between the gut microbiome and the host, but this is a complex system, and associations with disease processes have been demonstrated. The gut microbiome may be associated with colon cancer, diabetes, obesity, and atopic disorders. 56 The role of FMT in contributing to these conditions is unknown. It is also not known whether targeted screening/selection of stool for infusion can mitigate these potential risks.
In the only study to capture long-term outcomes after FMT, 77 patients were followed for 3 to 68 months (mean 17 months). 57 New conditions such as ovarian cancer, myocardial infarction, autoimmune disease, and stroke were observed. Although it is not possible to establish causality from this study or infer an increased risk of these conditions from FMT, the results underscore the need for long-term follow-up after FMT.
Regulatory Status
The increased use of FMT for CDI and interest in non-CDI indications led the US Food and Drug Administration (FDA) in 2013 to publish an initial guidance statement regulating stool as a biologic agent. 58 However, subsequently, the United States Department of Health and Human Services' FDA issued guidance stating that it would exercise enforcement discretion for physicians administering FMT to treat patients with C difficile infections; thus, an investigational new drug approval is not required, but appropriate informed consent from the patient indicating that FMT is an investigational therapy is needed. Revision to this guidance is in progress. 59 
Future Directions
Expansion of the indications for FMT and use of synthetic and/or frozen stool are directions currently under active exploration. There are a number of clinical trials studying FMT for CDI underway that are not yet completed, [60] [61] [62] [63] [64] [65] and these may shed light on the safety and efficacy of FMT for primary CDI, severe CDI, and FMT as a preemptive therapy for high-risk patients on antibiotics. Frozen stool preparations, often from a known set of prescreened donors and recently in capsule form, have been used for FMT and are gaining popularity. 31, 33 A synthetic intestinal microbiota suspension for use in FMT is currently being tested. 62 There also exists a nonprofit organization, OpenBiome (www.OpenBiome.org), which performs all donor selection, screening, and stool preparation tasks. OpenBiome will ship prepared stool that can be used immediately for FMT or stored at 220 8C for up to 6 months. However, the FDA published a proposed guidance statement on FMT, which requires that the donor be known to the treating physician or recipient; this statement is currently under review and will likely shed light on whether donors anonymous to both providers and patients are acceptable for FMT. 59 
CONCLUSIONS
Based on several prospective trials and observational data, FMT appears to be a safe and effective treatment for recurrent CDI that is superior to conventional approaches. Despite recent pivotal advances in the field of FMT, there remain many unanswered questions, and further research is needed to examine the optimal parameters, indications, and outcomes with FMT.
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